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Background/Aim. Recently, there has been an increased 
interest in novel dietary antioxidants, including omega-3 fat-
ty acids and bioactive proteins present in milk. The aim of 
this study was to examine potential antioxidant effects of 
four-weeks long fish-based and milk-based diets in female 
Wistar rats. Methods. Four-months old rats were divided 
into three groups receiving either: control diet, diet enriched 
with fish meal, or diet enriched with milk. The activities of 
antioxidant enzymes: glutathione peroxidase (GPx), super-
oxide dismutase (SOD) and catalase (CAT), and concentra-
tion of thiobarbituric acid reactive substances (TBARS) 
were determined in liver homogenates obtained at the end 
of the treatment period. Results. Statistically significant 
higher activities of GPx (3.52 ± 0.73 U/mg) and CAT 
(147.25 ± 15.93 U/mg) were detected in rats fed with fish-
based meal in comparison with both the control (GPx: 1.93 
± 0.11 U/mg; CAT: 99.37 ± 10.03 U/mg) and the group 
fed with milk-based diet (GPx: 1.72 ± 0.52 U/mg; CAT: 
104.18 ± 37.49 U/mg). Despite somewhat lower concentra-
tion of TBARS in the milk-treated group (0.88 ± 0.23 
nmoL/mg), no significant differences were detected in 
comparison with other groups (the control group: 1.00 ± 
0.08 nmoL/mg; the fish-based diet group: 1.13 ± 0.15 
nmoL/mg). Conclusion. Diet enriched with fish could im-
prove one’s oxidative status by enhancing activities of anti-
oxidant enzymes in the liver tissue. On the contrary, we 
failed to obtain results suggesting that milk could serve as a 
source of dietary antioxidants.  
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Uvod/Cilj. U poslednje vreme povećano je interesovanje 
za istraživanja novih antioksidanasa u ishrani, uključujući 
omega-3 masne kiseline i bioaktivne proteine prisutne u 
mleku. Cilj ove studije bio je ispitivanje potencijalnih anti-
oksidativnih efekata hrane obogaćene ribljim brašnom i 
hrane obogaćene mlekom u prahu kod ženki Wistar pacova, 
u trajanju od četiri nedelje. Metode. Pacovi, starosti četiri 
meseca, podeljeni su u tri grupe koje su bile hranjene stan-
dardnom hranom (kontrolna grupa), hranom obogaćenom 
ribljim brašnom i hranom obogaćenom mlekom u prahu. U 
homogenatima jetre, posle četiri nedelje, određene su aktiv-
nosti antioksidativnih enzima: glutation peroksidaze (GPx), 
superoksid dismutaze (SOD) i katalaze (CAT), kao i kon-
centracija reaktivnih supstanci tiobarbiturne kiseline 
(TBARS). Rezultati. Statistički značajno veće aktivnosti 
GPx (3,52 ± 0,73 U/mg) i CAT (147,25 ± 15,93 U/mg) na-
đene su kod pacova koji su dobijali hranu obogaćenu ribljim 
brašnom u odnosu na kontrolu (GPx: 1,93 ± 0,11 U/mg; 
CAT: 99,37 ± 10,03 U/mg) i grupu koja je hranjena hranom 
obogaćenom mlekom u prahu (GPx: 1,72 ± 0,52 U/mg; 
CAT: 104,18 ± 37,49 U/mg). Uprkos nešto nižoj koncentra-
ciji TBARS u grupi koja je primala hranu obogaćenu mlekom u 
prahu (0,88 ± 0,23 nmoL/mg), nisu utvrđene statistički značaj-
ne razlike u poređenju sa drugim grupama (kontrola: 1,00 ± 
0,08 nmoL/mg; grupa na ishrani obogaćenoj ribljim brašnom: 
1,13 ± 0,15 nmoL/mg). Zaključak. Ishrana bogata ribom 
mogla bi delovati povoljno na oksidativni status preko pobolj-
šanja aktivnosti antioksidativnih enzima jetre. Sa druge strane, 
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Introduction 
Use of dietary antioxidants is highly recommended in 
order to maintain overall health and prevent metabolic disor-
ders, cardiovascular diseases, cancer and other pathological 
conditions. Beneficial effects of plant foods rich in antioxi-
dant vitamins and phytochemicals are well established and 
confirmed in numerous epidemiological and human and/or 
animal studies 1, 2. On the contrary, more investigations are 
needed on novel dietary antioxidants such as omega-3 fatty 
acids (FA), bioactive proteins and peptides. High intake of 
fish and fish oil has been associated with lower incidence of 
cardiovascular, neurological diseases and cancer, well known 
oxidative stress-related states 3, 4. However, data on antioxi-
dant effects of omega-3 FA are still contradictory and need 
to be further investigated. Some reports suggest that intake of 
these highly unsaturated FA contributes to the increase in 
lipid peroxidation and oxidative damage 5, 6. Other studies 
indicate potential role of omega-3 FA in stimulation of en-
dogenous antioxidant defence and homeostasis of free radi-
cals. Antioxidant effects of fish oil have been reported in 
animal models of asthma, diabetes, and nephrotoxicity and in 
normal rats as well 5–8. Still, firm conclusions can not be 
drawn, since so far studies have varied in design and dura-
tion ranging from 15 days to 13 weeks 7–10. The most recent 
study, testing the combined effects of fish oil and α-lipoic 
acid on liver fatty acid oxidation and parameters of oxidative 
stress, lasted for 21 days 11. 
Among other novel functional foods, dairy products and 
milk-based supplements are indicated as potential antioxi-
dants with beneficial impact on health and healthy ageing 12, 13. 
Milk and dairy products have a unique protein and FA com-
position that could beneficially affect one’s oxidative status. 
Potential antioxidant activity of milk proteins is related to 
their ability to scavenge radicals, chelate metals, and enhance 
the endogenous antioxidant defence. In addition, studies 
have revealed potential impact of milk proteins on oxidative 
stress-related states, such as insulin resistance and cardio-
myopathy 14, 15. In comparison with the fish and omega-3 FA, 
data on interventions with milk are far scarcer. Available in-
tervention studies on animals are quite different in the tested 
organ models as well as in the study design and duration 
ranging from 14 days to eight weeks 14–17. One of the latest 
studies on the influence of milk-based diets on, among oth-
ers, liver enzymatic antioxidant defence, reported an experi-
mental period of 30 days 17. 
The aim of our study was to investigate potential anti-
oxidant effects of fish-based and milk-based diets in female 
Wistar rats. Since lipid peroxidation is commonly used indi-
cator of oxidative status, we measured concentration of thio-
barbituric acid (TBA) reactive substances (TBARS). In addi-
tion, we determined the activities of antioxidant enzymes: 
glutathione peroxidase (GPx), superoxide dismutase (SOD), 
and catalase (CAT). The mentioned parameters were meas-
ured in rats’ livers at the end of the 4-weeks long treatment 
period. This treatment period was chosen based on the avail-
able research and it was considered to be long enough for ob-
taining significant changes in measured parameters. 
Methods 
Animals and treatments 
The experiments were carried out on four-months old 
female Wistar rats, housed under controlled conditions (room 
temperature 23°C–25°C, 12 h light-dark cycle, food and 
drinking liquid ad libitum) and provided by the vivarium of 
the Institute for Biological Research (University of Belgrade, 
Serbia). The experimental protocols, as well as the mainte-
nance of animals were in accordance with the Official Insti-
tutional Guide for Experimental Work on Animals, adjusted 
to the European Communities Council Directive (86/609) 
and the Guide for Care and Use of Laboratory Animals, NIH 
publication No. 85–23. The approval was obtained from the 
Ethics Committee for the Use of Laboratory Animals of the 
Institute for Biological Research (University of Belgrade, 
Serbia), under the decision No 02-56/12. 
The animals were randomly assigned into one of the 
three treatment groups, and were well matched in terms of 
body weight (250–300 g). The control group (n = 6) was fed 
with the standard laboratory chow, while the fish-based 
group (n = 5) had added fishmeal (based on anchovy) and the 
milk-based group (n = 8) had dried-milk powder added. The 
formulation of rat chow was made by the Department of An-
imal Nutrition and Botany, Faculty of Veterinary Medicine, 
University of Belgrade, Serbia. A detailed analytical charac-
terisation of food (rat chow), its chemical composition, re-
spectively is given in previously published article 18. 
Preparation of tissue homogenate 
At the end of the treatment period, the rats were sacri-
ficed by decapitation, livers were dissected and immediately 
frozen on dry ice. Further on, the livers were stored at -80ºC 
until the following procedures were applied: livers were 
weighed, and homogenates were prepared by homogeniza-
tion of 1 g of the tissue in 10 mL of buffer containing: 50 
mM Tris pH 7.4, 150 mM sodium chloride (NaCl), 2 mM 
ethylenediaminetetraacetic acid (EDTA) and 1% Igepal® 
(Sigma Aldrich®, Darmstadt, Germany). Homogenization 
was performed using a homogenizer Ultra Turex followed by 
the centrifugation of the tissue at 37 C for 90 min 500 rpm 
at 4ºC. The supernatants were further used for the analyses of 
the antioxidant enzymes’ activities and TBARS concentra-
tion. All the results were expressed per mg of proteins. 
Determination of TBARS level 
The concentration of TBARS, as by-product of lipid pe-
roxidation, was measured with the use of TBARS Assay Kit 
(Cayman chemical, Ann Arbor, Michigan, USA) based on 
the reaction with TBA in acidic pH at 90–100°C 19. After 
boiling the mixtures for 1 h, they were cooled, centrifuged 
and the absorbance of resulting pink products measured by 
plate reader at 540 nm. Malondialdehyde (MDA), 500 µM, 
was used to prepare standard curve for the calculation of 
TBARS levels (MDA equivalents) in liver samples. 
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Determination of SOD 
The SOD activity was determined by Ransod kit (Ran-
dox, Crumlin, UK) based on the superoxide radical anion 
production in a xanthine–xanthine oxidase system and its 
further reaction with 2-(4-iodophenyl)-3-(4-nitrophenol)-
phenyltetrazolium chloride, resulting in the formation of red 
formazan dye. Samples were diluted 150- to 200-fold and the 
decrease in the absorbance was measured at 505 nm and 
37°C for 3 min. The units of SOD activity were calculated 
from the absorbance changes per minute with the use of the 
standard curve made with purified enzyme. One unit of SOD 
was defined as the amount of enzyme resulting in the 50% 
inhibition of red formazan dye formation. 
Determination of GPx 
The GPx activity was measured by the Ransel kit (Randox, 
Crumlin, UK) based on the oxidation of reduced glutathione in 
the presence of cumene hydroperoxide. The formed glutathione-
disulphide was further reduced by glutathione reductase in the 
presence of NADPH coenzyme. The samples were 100-fold di-
luted and the activity was determined by monitoring the de-
crease in absorbance due to the disappearance of the NADPH at 
340 nm and 37 °C. One unit of GPx was defined as amount of 
NADPH (expressed in nmol) oxidized per min, and calculated 
based on the NADPH molar absorption coefficient. 
Determination of CAT 
The CAT activity was determined by the slightly modi-
fied method described by Aebi 20, based on the degradation 
of hydrogen peroxide – H2O2 (Sigma Aldrich®, Darmstadt, 
Germany), reaction that can be measured directly by the de-
crease in absorbance at 240 nm. Liver homogenates were di-
luted 100- to 150-fold, added to 1 M phosphate buffer (pH 
7.0) and reaction was initiated by adding 10 mM H2O2 and 
the decrease in absorbance recorded for 3 min at 25ºC. One 
unit of CAT activity was defined as the amount of enzyme 
decomposing 1 μmoL of H2O2 per min.  
Determination of protein content 
Protein content in tissue homogenates was determined 
by the use of bicinchoninic acid (BCA) Protein Assay Macro 
Kit (SERVA Electrophoresis, Heidelberg, Germany), accord-
ing to the given instructions. The method combined Biuret 
reaction, and colorimetric detection of the cuprous cation 
(Cu1+) with a BCA containing reagent. The absorbance of the 
purple-coloured product, formed by chelating two molecules 
of BCA with one Cu1+ ion, was measured at 562 nm. Bovine 
serum albumin was used to prepare a standard curve, and the 
liver homogenates were diluted 50-fold prior the analyses. 
Statistical analysis 
All variables were tested for normality using the Sha-
piro-Wilk’s test. For normally distributed variables, compa-
risons between the groups were performed by one-way anal-
ysis of variance (ANOVA) with Tukey post hoc test. Data 
are shown as mean values ± standard deviation. Due to the 
absence of normal distribution, SOD values were compared 
by Kruskal-Wallis nonparametric test and data presented as 
medians with interquartile ranges (25th and 75th percentiles). 
Correlations between measured parameters were evaluated 
by Pearson’s coefficients of correlation. Analyses were per-
formed with SPSS software (Chicago, IL, USA). 
Results 
Effects on TBARS 
Despite the somewhat lower concentration of TBARS 
in the milk-treated group (0.88 ± 0.23 nmoL/mg), no signifi-
cant differences were detected in comparison with the other 
groups (the control group: 1.00 ± 0.08 nmoL/mg; the fish-
based diet group: 1.13 ± 0.15 nmoL/mg) (Figure 1).  
 
Fig. 1 – Levels of lipid peroxidation – thiobarbituric acid 
reactive substances (TBARS) at the end of four-weeks 
long consumption period. 
Data are shown as mean values ± standard deviation; 
Comparisons were performed by one-way analysis of 
variance (ANOVA) with Tukey post hoc test. 
Effects on antioxidant enzymes 
Statistically significantly higher activities of GPx (3.52 
± 0.73 U/mg) and CAT (147.25 ± 15.93 U/mg) were de-
tected in rats fed with fish-based meal, in comparison with 
both the control (GPx: 1.93 ± 0.11 U/mg, p < 0.001; CAT: 
99.37 ± 10.03 U/mg, p < 0.05) and the milk-fed rats (GPx: 
1.72 ± 0.52 U/mg, p < 0.001; CAT: 104.18 ± 37.49 U/mg, p 
< 0.05), as presented in Figure 2. There were no significant 
differences in the activities of SOD among the groups. 
Correlation between measured parameters  
In the group fed with the milk-based diet, TBARS levels 
positively correlated with the activities of the measured enzymes 
(Table 1), although the correlation was not significant for SOD. 
Furthermore, a significant correlation was found between GPx 
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and CAT activities (p < 0.05, r = 0.795), while SOD positively 
correlated with both GPx and CAT, but not significantly. In the 
control group, we observed significant correlation (p < 0.05) be-
tween the GPx and CAT activity as well. 
 
 
Fig. 2 – Activities of antioxidant enzymes at the end of four-weeks long consumption period. 
SOD- superoxide dismutase, GPx- glutathione peroxidase, CAT- catalase; For GPx and CAT, data are shown as mean values 
± standard deviation and comparisons were performed by one-way analysis of variance (ANOVA) with Tukey post hoc test; 
SOD values were compared by Kruskal-Wallis nonparametric test and data are presented as medians with interquartile 




Correlations between activities of antioxidant enzymes 
and level of lipid peroxidation 
Parameters r p 
Milk-based group   
TBARS/GPx 0.811 0.014 
TBARS/CAT 0.980 < 0.001 
TBARS/SOD 0.681 0.062 
GPx/CAT 0.795 0.018 
GPx/SOD 0.668 0.070 
CAT/SOD 0.670 0.069 
Control group   
GPx/CAT 0.816 0.047 
r – Pearson’s coefficient of correlation;  
TBARS – thiobarbituric acid reactive substances, index of 
lipid peroxidation; GPx – glutathione peroxidase;  
CAT – catalase; SOD – superoxide dismutase. 
Discussion 
In the present study, we found significantly higher ac-
tivities of GPx and CAT in female Wistar rats treated with 
fish-based meal for four weeks in comparison with those in 
both the control and milk-fed animals. In comparison with 
the control group, the milk-based diet showed no effects, but 
we observed some significant correlations in this group.  
Our results contribute to previous suggestions that 
omega-3 FA could improve enzymatic antioxidant de-
fense 21. A study that investigated effects of 30 days long fish 
oil supplementation in male Wistar rats revealed signifi-
cantly higher erythrocytes’ CAT activity in treated animals 7. 
Similarly, supplementation with fish oil enhanced activities 
of both GPx and SOD in asthmatic rats 10 and raised CAT ac-
tivity in animal model of nephrotoxicity 9. Furthermore, 
treatment with omega-3 FA caused an increase in glutathione 
concentration and GPx activity in streptozotocin-induced di-
abetic rats 8. Although the use of fish and fish-based meals as 
dietary antioxidants is yet to be established, their ability to 
scavenge radicals, down-regulate activity of NADPH activ-
ity 22, and increase microRNA expression of antioxidant en-
zymes 23, have been reported. Besides evaluating activities of 
antioxidant enzymes, we measured concentration of TBARS, 
as by-product of lipid peroxidation 24 and found no signifi-
cant impact of tested diets. Similarly to our results, dietary 
supplementation with fish oil in duration of 13 weeks caused 
no significant changes in liver lipid peroxidation in female 
rats, comparing with the supplementation with soybean and 
linseed oil. Still, research to date is quite ambiguous particu-
larly on the impact of fish-based meals on lipid peroxidation. 
Since double bonds are the main targets of free radical at-
tack, long-chain polyunsaturated FA, with numerous double 
bonds, represent particularly prone FA to the lipid peroxida-
tion. Thus, it could be expected that higher intake of fish and 
fish based meals could lead to the increase in the lipid per-
oxidation, as confirmed previously 5, 6. On the contrary, re-
ducing effect of omega-3 FA and fish oil on increased 
TBARS concentration was reported in diabetic rats, rats with 
uranyl nitrate-induced nephrotoxicity 8, 9, as well as in 
healthy rats 7. In our previous work, we have investigated the 
impact of fish and milk-based diets on liver phospholipids' 
FA composition in rats of both genders. We observed sex-
specific changes in FA profile. In case of fish-based diet, 
there was more pronounced increase in the concentration of 
omega-3 FA (both total and individual FA) in female com-
paring with the male rats 18. Considering this and the fact that 
polyunsaturated FA could be used as indirect measure of 
lipid peroxidation (as the most prone FA to lipid peroxida-
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tion), we assumed that the changes in lipid peroxidation and 
other parameters of oxidative stress would be more pro-
nounced in female rats 25. This is why we have included fe-
male rats in here presented research.  
Although we observed to some extent lower concentra-
tion of TBARS in rats fed with milk-based diet in compari-
son with the control group and the group fed with fish-based 
diet, these differences were not significant. In addition, we 
found no significant impact of milk-based diet on activities 
of antioxidant enzymes in rats' liver. Still, we recorded sig-
nificant positive correlations between TBARS concentration 
and both GPX and CAT activities. In other words, lower li-
pid peroxidation was followed by lower activities of antioxi-
dant enzymes. Indeed, we found significantly lower activities 
of GPx and CAT in the group fed with milk-based diet in 
comparison with the fish-based diet. Comparing the levels of 
TBARS in these two groups, lipid peroxidation was to some 
extent higher in the group fed with fish-based diet. The high-
er lipid peroxidation could serve as a trigger for the upregu-
lation of antioxidant defence in the body. The lack of effect 
on antioxidant enzymes in the group fed with milk-based diet 
could be derived from the lower concentration of TBARS in 
this group. In accordance with previous findings, significant 
correlations were found between the activities of GPx and 
CAT in both the milk-fed and the control group. 
Besides being highly nutritious and tasty, milk and 
dairy products could serve as food supplements with promis-
ing health effects. This is because these products are rich in 
FA, proteins, amino acids, such as cysteine and glutamic ac-
id, and vitamins, such as A and E 13. Novel findings suggest 
that milk proteins and their break down products could serve 
as potent dietary antioxidants, based on their radical scav-
enging and metal chelating activity 26, 27. Antioxidant activity 
of milk and milk products still needs to be evaluated in vivo 
in both animals and humans. One of the few animal studies 
investigated the impact of 2-week feedings with breads en-
riched with milk powder. The authors revealed higher CAT 
activity in groups fed with breads containing, among other 
compounds, milk powder in comparison with the group fed 
with plainbread 16. In addition, whey protein-enriched diet 
significantly increased total antioxidant capacity, SOD activ-
ity and glutathione concentration, while it decreased lipid 
peroxidation in insulin resistant rats 14. Whey protein also 
ameliorated effects of iron load on oxidative damage in male 
rats, demonstrated as an increase in total antioxidant defence 
and a decrease in lipid peroxidation 15. 
In spite of the promising results, our study has some li-
mitations. Firstly, the duration of the treatment (four weeks) 
was relatively short. A longer supplementation and possibly 
an assessment of other parameters, in other tissues as well, 
would provide broader conclusions and would help identify-
ing mechanisms underlying observed antioxidant activity of 
fish-based diet. Secondly, final conclusions are limited due 
to the low number of animals especially in the group fed 
with fish-based meals. Still, we believe that this study pro-
vides valuable and novel findings, bearing in mind scarce 
and ambiguous literature data, especially on milk as potential 
functional food.  
Conclusion 
Based on the results of the current study and on the re-
search available to date, we conclude that the intake of fish 
and fish-based meals could improve one’s oxidative status by 
enhancing activities of antioxidant enzymes. On the contrary, 
we obtained no effects in favour of statements that milk 
could serve as a good source of novel dietary antioxidants. 
Overall, possible applications and physiological relevance of 
our findings should be further tested in long-term animal and 
human intervention studies.  
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